Key Points for Decision Makers {#FPar1}
==============================

This analysis provides a synthesis of the most recently published long-term survival evidence for IPF patients and an indirect comparison of other outcomes, including acute exacerbations, loss of lung function, safety and treatment discontinuation (for any reason).The data were synthesised in an economic model that assumed a Belgian healthcare payer perspective.Our results indicated that nintedanib and pirfenidone have similar health-related quality of life benefits. Nintedanib had a lower overall cost than pirfenidone, driven by a lower treatment cost and assumptions regarding the risk of acute exacerbations.

Introduction {#Sec1}
============

Idiopathic pulmonary fibrosis (IPF) is an incurable chronic lung disease that causes a progressive loss of lung function and is ultimately fatal \[[@CR1]\]. Around 11.5 people per 100,000 have IPF in Europe, with an annual incidence of 3.8 new cases per 100,000 \[[@CR2]\], although existing publications show wide ranges in the epidemiology of IPF due to differences in study methodology or patient demographics, such as age and gender \[[@CR3]\].

Acute exacerbations occur in roughly 10% of IPF patients annually \[[@CR4]\]. These events are defined as periods of unexplained, dramatic worsening of dyspnoea occurring over a short period (usually up to 30 days) and radiographic evidence of further lung injury on top of the existing lung pathology \[[@CR5]\]. Acute exacerbations are life-threatening and typically require hospitalisation. Around half of patients hospitalised for an acute exacerbation do not survive the event \[[@CR6]\]. Of those admitted to intensive care for acute exacerbation events (about 50% of patients), around 80% may die due to either the event itself (70%), infection (24%), alveolar haemorrhage (2%) or other reasons (4%) \[[@CR6]\].

Treatment of IPF focuses on slowing disease progression and maintaining lung function (measured via forced vital capacity, FVC), as well as managing symptoms (e.g. coughing, hypoxia) and providing palliative care. Very few disease-modifying pharmacotherapies with proven effectiveness are available \[[@CR1]\]. Pirfenidone (Esbriet^®^) and nintedanib (Ofev^®^) received authorisation to be marketed as treatments for IPF from the European Medicines Agency (EMA) in 2011 and 2015, respectively. Both agents are recommended by international guidelines as effective therapeutic options for treating IPF patients \[[@CR7]\], and are approved for reimbursement by the Belgian Drug Reimbursement Committee (CRM/CTG) under confidential discounts \[[@CR8]\].

Long-term data on patient survival are now available for both pirfenidone and nintedanib. In the case of nintedanib, the patient follow-up period extends to 8 years \[[@CR9]--[@CR13]\]. The objective of this study was to adapt an economic model used in the UK and France \[[@CR14]--[@CR16]\]. Specifically, we incorporated long-term survival data for nintedanib and used local cost inputs to evaluate the cost--utility of nintedanib versus pirfenidone from a Belgian healthcare payer perspective.

Methods {#Sec2}
=======

Model Structure and Clinical Evidence for the Two Comparators {#Sec3}
-------------------------------------------------------------

The analysis adopted a Belgian healthcare payer perspective and used a Markov model to estimate the health benefits and associated costs of patients with IPF. Costs and quality-adjusted life years (QALYs) were discounted at the standard annual rates of 3% and 1.5%, respectively \[[@CR17]\], and half-cycle correction was incorporated. The model adopted a patient lifetime horizon and a 3-month model cycle, consistent with the intervals between forced vital capacity (FVC) observations in the clinical trials \[[@CR10]\].

The structure of the model was based on a cost-effectiveness analysis of nintedanib for IPF in the UK \[[@CR14]\] that was submitted to and assessed by NICE as part of Technology Appraisal (TA) 379 \[[@CR15]\].

The health states in the model were based on the FVC percent predicted (FVC%pred) adjusted for the age, gender and height of the patient. Health-state categories reflecting different levels of loss of lung function were defined in increments of 10 percentage points from ≥ 110 to \< 40. The model also incorporated patient history of acute exacerbation events (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Model structure. *FVC%pred* forced vital capacity percent predicted

The cohort entered the model at different levels of FVC%pred and without a history of acute exacerbations, as observed in the INPULSIS clinical trials (see Online Resource 1 in the Electronic supplementary material, ESM). Only disease progression towards worse FVC%pred states was possible. Acute exacerbations were associated with temporary and long-term effects. Death could occur at any point in the model from any FVC%pred health state, but was also assigned to all patients for whom the FVC%pred had dropped below 40% \[[@CR1]\].

The comparators in the analysis were two pharmacological IPF treatments: nintedanib (150 mg twice a day) and pirfenidone (267 mg three times a day). Best supportive care (BSC) was assumed to follow nintedanib or pirfenidone treatment if patients discontinued treatment for any reason.

Relative treatment efficacy for nintedanib and pirfenidone was informed by the results of a network meta-analysis (NMA) developed in-house (Table [1](#Tab1){ref-type="table"}). This analysis was preferred given the availability of TOMORROW and INPULSIS patient-level data that made our meta-analysis more robust than if we had used other published sources. The NMA methodology is described and its results are provided in the supplementary material of a previous publication \[[@CR14]\].Table 1Results of the NMA of disease-modifying agents used in IPF patients \[[@CR14]\]OutcomeNintedanib (300 mg daily) versus placebo\
OR (95% CI)Pirfenidone (2403 mg daily) versus placebo\
OR (95% CI)Overall survival^a^0.70 (0.45--1.09)0.69 (0.45--1.04)Acute exacerbations0.56 (0.35--0.89)1.10 (0.43--2.85)Loss of lung function0.54 (0.42--0.69)0.55 (0.41--0.72)Serious cardiac events0.76 (0.45--1.27)1.26 (0.65--2.49)Serious gastrointestinal events2.35 (1.05--5.88)0.60 (0.23--1.45)Overall discontinuation1.42 (1.08--1.87)1.34 (1.34--1.73)*CI* confidence interval, *NMA* network meta-analysis, *OR* odds ratio^a^The OS OR values for nintedanib and pirfenidone vs placebo were used solely in sensitivity analysis scenarios. In the base-case analysis of this cost-effectiveness analysis, we assumed that the survival for patients on pirfenidone was the same as the survival for patients in the nintedanib arm

To generate the baseline patient survival for nintedanib, patient-level data were pooled from six clinical trials: the 52-week phase II TOMORROW trial (study 1199.30) \[[@CR9]\] and its open-label extension (1199.35) \[[@CR11]\], the two parallel 52-week phase III trials INPULSIS 1 and 2 \[[@CR10]\] (studies 11.99.32 and 1199.34) and their open-label extension INPULSIS-ON \[[@CR12], [@CR13]\] (study 1199.33), and a phase IIIb trial with a placebo-controlled period of at least 6 months followed by an open-label period of up to 12 months (study 1199.187) \[[@CR18]\]. A Weibull parametric model was used to extrapolate survival beyond the observed trial period (Online Resource 2 in the ESM). A comparison of the pooled observed data from the six trials and the Weibull extrapolation is presented in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2Comparison of the nintedanib KM trial data and Weibull parametric extrapolation model (please note that the Weibull OS curve presented in the figure is a model input rather than output, and that conclusions regarding patient survival over time should be interpreted with caution). *KM* Kaplan--Meier

The long-term survival data for the two comparators come from open-label extensions of the clinical trials, and a direct or indirect comparison of patient survival was not available. A previous comparison of the randomised controlled trial (RCT) data showed no difference between nintedanib and pirfenidone (odds ratio \[OR\] 1.02, 95% CI 0.55--1.87) \[[@CR14]\], and other similar NMAs found no statistically significant benefit in OS when the two treatments were considered \[[@CR19]--[@CR23]\]. Therefore, it was assumed that patient survival on pirfenidone was the same as that on nintedanib. This assumption was validated by clinical expert opinion, namely that of co-authors BB, CD, AF, and WW, who are practising clinicians with exposure to IPF patients in Belgium. In sensitivity analysis, we replaced the long-term data with the survival data used in the UK model, which was informed by the two nintedanib RCTs, for completeness \[[@CR9], [@CR10], [@CR24]\].

Time to first acute exacerbation was based on investigator-reported patient-level data in the INPULSIS trials of nintedanib (Online Resource 2 in the ESM) \[[@CR10]\]. Acute exacerbation events were scarce in the INPULSIS trials: 32 out of 426 patients (7.5%) were observed to experience such an event in the placebo arm, whereas 31 patients out of 640 (4.8%) experienced such an event in the nintedanib arm during the 52-week trial period. An exponential model was fitted to the placebo trial data to estimate the risk over the model lifetime, and a constant risk of 1.97% was applied each 3-month cycle. The results of our NMA \[[@CR14]\] were used to determine the risk of acute exacerbations for nintedanib and pirfenidone (Table [1](#Tab1){ref-type="table"}). Recurrent events were assumed to carry the same risk due to a lack of alternative evidence \[[@CR14]\]. Acute exacerbation events were assumed to increase the risk of death by a hazard ratio of 1.4 per cycle post-event \[[@CR25]\].

A logistic function was used to estimate patient loss of lung function over time (model A below and Online Resource 2 in the ESM) in the base-case analysis. An alternative function (model B below) that included a covariate whereby patients who had an acute exacerbation would experience accelerated loss in all cycles following such an event was tested in sensitivity analysis.$$\documentclass[12pt]{minimal}
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Transitions for patients on nintedanib and pirfenidone were estimated by applying the ORs to the baseline transition defined by the logistic functions (Table [1](#Tab1){ref-type="table"}) \[[@CR14]\].

Two serious adverse events (AEs) that were common for both comparators---serious cardiac events and serious gastrointestinal events---were parameterised using OR values from the NMA (Table [1](#Tab1){ref-type="table"}) anchored to placebo baseline risk (1.39% per 3-month cycle for serious cardiac events and 0.42% per cycle for serious gastrointestinal events \[[@CR26]\]). Further AEs of particular clinical interest included gastrointestinal perforation specifically for the nintedanib arm (0.08% per cycle) and photosensitivity (2.32% per cycle) and rash (6.79% per cycle) for the pirfenidone arm \[[@CR14], [@CR24], [@CR27]\].

It was assumed that patients on either therapy could discontinue treatment due to any reason. Discontinuation was parameterised using data from our NMA between nintedanib and pirfenidone \[[@CR14]\].

Health-Related Quality of Life (HRQoL) {#Sec4}
--------------------------------------

Utility scores for the health states in the model were based on an analysis of patient-level EQ-5D™ data from the INPULSIS trials \[[@CR10]\], with UK preference weights used to derive the utilities \[[@CR28]\] (Table [2](#Tab2){ref-type="table"}). Separate analyses of INPULSIS trial data provided estimates for utility decrements associated with acute exacerbations and serious gastrointestinal events \[[@CR10]\].Table 2HRQoL and cost inputs for the modelBaseline utilities by FVC%pred statusMean value (SE)Source≥ 110Assumed same value as 90--99.9N/A100--109.9Assumed same value as 90--99.9N/A90--99.90.8380 (0.0083)\[[@CR10], [@CR14]\]80--89.90.8105 (0.0078)\[[@CR10], [@CR14]\]70--79.90.7800 (0.0080)\[[@CR10], [@CR14]\]60--69.90.7657 (0.0084)\[[@CR10], [@CR14]\]50--59.90.7387 (0.0105)\[[@CR10], [@CR14]\]40--49.90.6634 (0.0258)\[[@CR10], [@CR14]\]Acute exacerbation-related disutilityMean value (SE)SourceInvestigator-reported acute exacerbations---first month− 0.140 (0.047)\[[@CR10], [@CR14]\]Investigator-reported acute exacerbations---subsequent months− 0.078 (0.032)\[[@CR10], [@CR14]\]AE-related disutilityMean valueSourceSC events− 0.0165\[[@CR14], [@CR29]\]SGI events− 0.0057\[[@CR10], [@CR14]\]Skin disorders^a^− 0.0068\[[@CR14], [@CR29]\]GI perforation− 0.0098\[[@CR14], [@CR29]\]Drug acquisition cost (per day)Mean valueSourceNintedanib€79.21\[[@CR8], [@CR30]\]Pirfenidone€88.32\[[@CR8], [@CR30]\]AE-related costs (per event)Mean valueSourceSC events€4557.61\[[@CR8], [@CR30]\]SGI events€7031.34\[[@CR8], [@CR30]\]Skin disorders€21.27\[[@CR8], [@CR30]\]GI perforation€21.27\[[@CR8], [@CR30]\]Background follow-up costs by FVC%pred status (per cycle)Mean valueSource≥ 110€301.28\[[@CR8], [@CR30]\]100--109.9€271.84\[[@CR8], [@CR30]\]90--99.9€320.04\[[@CR8], [@CR30]\]80--89.9€268.35\[[@CR8], [@CR30]\]70--79.9€325.91\[[@CR8], [@CR30]\]60--69.9€296.86\[[@CR8], [@CR30]\]50--59.9€447.26\[[@CR8], [@CR30]\]40--49.9€980.50\[[@CR8], [@CR30]\]Acute exacerbation-related cost (per cycle)Mean valueSource€6649.50\[[@CR8], [@CR30]\]Other costs (per cycle)Mean valueSourcePatient monitoring (liver panel tests)€48.39\[[@CR8], [@CR30]\]Oxygen supplementation€775.82\[[@CR8], [@CR30]\]Palliative care (EoL)€3783.61\[[@CR33]\]*AE* adverse event, *EoL* end of life, *FVC%pred* forced vital capacity percent predicted, *GI* gastrointestinal, *HRQoL* health-related quality of life, *N/A* not applicable, *SC* serious cardiac, *SE* standard error, *SGI* serious gastrointestinal^a^Rash and photosensitivity reaction were grouped as "skin disorders"

Disutility estimates for other adverse events (i.e. serious cardiac events, gastrointestinal perforation and skin disorders) were obtained from a retrospective analysis of a UK database \[[@CR14], [@CR29]\].

Cost Inputs {#Sec5}
-----------

The model considered all relevant direct healthcare costs, including drug acquisition, treatment-related AEs, monitoring, background follow-up, supplementary oxygen, acute exacerbation and palliative (end-of-life) care costs, in euros. All unit costs were for Belgium \[[@CR8], [@CR30]\] and were based on 2018 prices.

The list price of nintedanib published in the INAMI database was €2376.21 per pack (€7227.64 cost per 3-month cycle) \[[@CR30]\]. The model assumed a daily dose of 300 mg (150 mg twice daily \[[@CR10]\]). The price of pirfenidone was €2472.85 per pack (€8058.84 cost per 3-month cycle)) \[[@CR30]\], assuming a daily dose of 2,403 mg \[[@CR31]\] (three 267 mg capsules three times a day). For consistency with the clinical trial data that were used in the model, no dose reduction or escalation was considered in the base-case. Only list prices were used in the analysis, and national or local confidential discounts were not considered. AE-related costs were obtained from the INAMI database using tariffs for each event \[[@CR30]\].

Use of nintedanib and pirfenidone was associated with elevated hepatic enzyme values in some patients \[[@CR31], [@CR32]\]. Therefore, the base-case model settings assumed one liver panel test every 3 months for all patients. The unit cost for a liver panel test was €48.39 \[[@CR8], [@CR30]\].

The background follow-up and acute exacerbation event costs were estimated using patient-level resource use data from the INPULSIS trials and unit costs from Belgium (Table [2](#Tab2){ref-type="table"} and Online Resource 3 in the ESM) \[[@CR14]\]. Patients in health states with FVC%pred \< 80% were assumed to require supplementary oxygen. The cost of oxygen therapy in Belgium was estimated at €775.82 per 3-month cycle \[[@CR8], [@CR30]\]. End-of-life palliative care costs of €3783.61 were applied for the last 30 days of life of each patient \[[@CR33]\].

Analyses {#Sec6}
--------

Results for the cost-effectiveness of nintedanib versus pirfenidone were presented as an incremental cost-effectiveness ratio (ICER) that considered QALYs and costs accumulated over the cohort lifetime. Despite the fact there is no official cost-effectiveness threshold in Belgium, a willingness-to-pay (WTP) threshold of €30,000 per QALY gained was assumed, as in previous studies \[[@CR34], [@CR35]\]. Deterministic one-way sensitivity analyses of model parameters, including transition probabilities, costs, utilities and adverse event assumptions, were performed. Additional scenarios focusing on probabilities, safety, FVC%pred, and several cost assumptions were studied in separate analyses. Probabilistic sensitivity analysis was also conducted (1000 samples) with appropriate distributions fitted to the model variables (Online Resource 4 in the ESM). Additional tests of model convergence were performed to ensure that 1000 iterations were sufficient to minimise the Monte Carlo error (Online Resource 5 in the ESM).

Results {#Sec7}
=======

Base-Case Analysis {#Sec8}
------------------

The base-case deterministic analysis found that, over the lifetime of a patient, nintedanib treatment accrued fewer overall costs than pirfenidone treatment (€102,315 versus €113,313).

Drug acquisition costs accounted for 69% of the total cost in the nintedanib arm and 72% of the total cost in the pirfenidone arm. Other healthcare costs made up 17% of the total cost for nintedanib and 16% of the total cost for pirfenidone (Fig. [3](#Fig3){ref-type="fig"}). End-of-life palliative care costs were virtually identical in the two arms given that there were no patients alive at the end of the modelled time horizon. The cost savings were driven by the lower list price of nintedanib in Belgium and the lower risk of acute exacerbations.Fig. 3Total cost comparison for nintedanib and pirfenidone. \*Other costs related to acute exacerbations, AEs and liver panel tests

Given the similarities in the survival and progression outcomes between nintedanib and pirfenidone, the model predicted near equivalence in total QALYs (3.353 QALYs for the nintedanib arm and 3.318 for the pirfenidone arm; Table [3](#Tab3){ref-type="table"}).Table 3Base-case cost-effectiveness results for nintedanib versus pirfenidoneNintedanibPirfenidoneDifferenceDeterministic analysis Total costs€102,315€113,313− €10,998 QALYs3.3533.3180.035 LYs4.3714.3670.004 Exacerbation events0.2420.346− 0.104Probabilistic sensitivity analysis (average 95% CI) Total costs€102,901 (€86,292 to €122,301)€112,964 (€95,306 to €134,594)− €10,062 (− €12,294 to − €9014) QALYs3.364 (2.695 to €4.175)3.279 (2.611 to €4.070)0.085 (0.085--0.105) LYs4.388 (3.491 to €5.471)4.327 (3.445 to €5.365)0.062 (0.047--0.105) Exacerbation events0.247 (0.142 to €0.394)0.372 (0.144 to €0.907)− 0.126 (− 0.513 to − 0.001)*CI* confidence interval, *LYs* life years, *QALY* quality-adjusted life year

Deterministic and Probabilistic Sensitivity Analysis {#Sec9}
----------------------------------------------------

Model sensitivity was tested by varying each parameter and recording the resulting ICERs for all the main model parameters (see Online Resource 5 of the ESM). The model was sensitive to changes in survival, risk of acute exacerbations and treatment discontinuation. When the lower bounds of the 95% confidence intervals for survival risk and acute exacerbation risk were used (scenarios 1--2 in Table 12 of Online Resource 5 in the ESM), the ICER values increased to €4581,807 and €361,564 per QALY gained for nintedanib versus pirfenidone, respectively, with both changes driven by higher total costs and QALYs in the pirfenidone arm relative to the nintedanib arm.

The impact of changes in the treatment efficacy of nintedanib and pirfenidone for OS are further explored in Table 13 of Online Resource 5 (scenarios 15--17 and 19--21) in the ESM. The use of long-term survival data for nintedanib and the assumption of equivalence between the interventions were two of the strongest assumptions of this analysis. To further test these assumptions, scenarios 15--17 explored the impact of using survival data observed in the nintedanib RCTs \[[@CR9], [@CR10]\] and treatment effect assumptions for pirfenidone and nintedanib as reported in Table [1](#Tab1){ref-type="table"} \[[@CR14]\]. Results of these scenarios were consistent with the current analysis, with nintedanib the dominant intervention. Scenarios 19--20 further considered OR values favouring pirfenidone (less than 1) \[[@CR20]\], and resulted in positive ICER values, which were explained by greater total costs and QALYs for the pirfenidone arm than for the nintedanib arm. Scenario 21 considered an OR value favouring nintedanib (higher than 1) \[[@CR20]\], and resulted in nintedanib dominating over pirfenidone, as in the base-case setting of this analysis.

When overall discontinuation assumptions were changed (scenarios 40--43), ICER values ranged from €51,207 to €1,272,914 per QALY gained for nintedanib versus pirfenidone. These effects were also due to greater total costs and QALYs for the pirfenidone arm compared with the nintedanib arm. For all other scenarios tested, nintedanib remained the dominant strategy in this analysis.

Probabilistic results yielded similar total costs (€102,901 for nintedanib and €112,964 for pirfenidone) and QALYs (3.364 for nintedanib and 3.279 for pirfenidone) to those derived in the deterministic analysis, as shown in Table [3](#Tab3){ref-type="table"}. Figure [4](#Fig4){ref-type="fig"} shows that the probabilistic results for nintedanib and pirfenidone overlap in terms of incremental QALYs and costs. While the total cost of the pirfenidone strategy was higher than that of nintedanib, the two were nearly equivalent in terms of health benefits (Table [3](#Tab3){ref-type="table"}). For completeness, a PSA cost-effectiveness acceptability curve is presented in Online Resource 5 of the ESM. The nintedanib intervention had a 99.6% probability of being more cost-effective than pirfenidone at a threshold of €50,000 per QALY gained.Fig. 4Cost-effectiveness scatter plot. *QALYs* quality-adjusted life years

Discussion {#Sec10}
==========

This was an evaluation of the cost-effectiveness of two relatively new interventions in the treatment of IPF. The analysis showed small differences in costs and QALYs between the two comparators. It was estimated that nintedanib was less costly than pirfenidone due to its lower price and the fact that patients experienced fewer acute exacerbations.

Further analysis showed that, in the current setup, the results were sensitive to changes in the risk of acute exacerbation events, such that nintedanib moved from being a cost-saving treatment to having a positive ICER value above €300,000 per QALY gained versus pirfenidone. The importance of acute exacerbation events in the economic model is consistent with clinical experience, which focuses on avoiding such debilitating events. Acute exacerbations worsen the advance of the disease considerably, they are costly to manage, and they have strongly negative impacts on the quality of life and subsequent treatment costs for patients who survive such events \[[@CR4]--[@CR6]\].

Our sensitivity analysis scenarios also indicated that the model was sensitive to variations in survival, with greater costs and QALYs observed for the pirfenidone arm than for the nintedanib arm, resulting in highly positive ICER values when using the lower bounds of the 95% confidence interval for the survival of the nintedanib arm. Similarly, changes in the OS treatment efficacy in favour of pirfenidone generated positive ICER values that were attributable to greater total costs and QALYs in the pirfenidone arm than in the nintedanib arm.

The other driver of cost savings for nintedanib was the drug price. This analysis used the list prices of nintedanib and pirfenidone; no discount was applied. Lower price assumptions for pirfenidone may affect the overall cost-effectiveness results and could reduce or eliminate any cost savings. We have estimated that when all other model assumptions and conditions remain the same, the list price of nintedanib will require a 13.5% increase to be cost neutral relative to pirfenidone.

The conceptualisation of the economic model followed the KCE recommendations for healthcare economic evaluations and international guidelines for best practice in economic modelling \[[@CR17], [@CR36]\]. The health-state utilities in the model were based on patient-level EQ-5D data for IPF patients. The assumed resource use for background care was also based on patient-level data; these data were categorised to fit the model health states and synthesised with costs and tariffs from Belgian national databases.

Previous analyses used clinical evidence from pivotal RCTs to define patient survival \[[@CR14], [@CR16]\]. In a previously published cost-effectiveness analysis assessing nintedanib for the treatment of IPF in the UK, parametric survival models were fitted to 52 weeks of observed data from the pooled TOMORROW and INPULSIS clinical trials, and the best-fit model was used for extrapolation \[[@CR14]\]. The present study benefitted from a longer period of observation (the maximum exposure to nintedanib was 93.1 months) and more recorded deaths (22.5%) \[[@CR18]\] than in the UK analysis (all-cause mortality in the nintedanib arm was 8.24% in the TOMORROW trial and 5.49% in the INPULSIS trials) \[[@CR9], [@CR10]\].

Since the new survival analysis included data from the open-label period of the study \[[@CR18]\], only the nintedanib arm was used for extrapolation based on the observed survival of patients who continued with nintedanib from the randomised period. The OS model projection using the Weibull distribution for the nintedanib arm at the end of one year was validated against long-term clinical trial observations \[[@CR18]\], as well as against previous extrapolations of RCT OS evidence \[[@CR9], [@CR10], [@CR14]\], as shown in Online Resource 6 of the ESM.

As there was no comparison of long-term evidence between nintedanib and pirfenidone at the time we developed the model, it was assumed that there was no difference between the two comparators in patient survival, and the nintedanib-generated survival curve was also used for the pirfenidone arm of the model \[[@CR9]--[@CR13]\]. We note that when the two pivotal RCTs for nintedanib and pirfenidone were previously compared in an NMA, the analysis found no difference between the two comparators \[[@CR14]\].

Other relative efficacy estimates were based on a NMA conducted after a systematic review of the literature. The results of this NMA were found to be consistent with those of five other studies \[[@CR19]--[@CR23], [@CR37]\] and were presented in a reimbursement submission in the UK, where NICE gave a positive recommendation of nintedanib for the treatment of IPF in England and Wales \[[@CR15]\].

Another potential limitation of the analysis lies in the lack of Belgian-specific utility values. This study used EQ-5D values for FVC%pred-modelled health states that originated from the overall population of the INPULSIS clinical trials. Further, AE-related utility decrements were based on a study focusing on a UK population \[[@CR29]\], given the lack of Belgian-specific published data. Nonetheless, Belgian clinical experts (the co-authors WW, AF, BB, CD) have reviewed the EQ-5D values and utility decrements used in the study and confirmed their applicability for the Belgian population.

A further limitation of the model stems from the rarity of acute exacerbation events in the trials considered. This did not allow a statistically robust analysis of their effect on mortality and disease progression. Consequently, the impact of acute exacerbations may have been underestimated in the present analysis. While we have attempted to estimate the impact of acute exacerbations on disease progression (see Table 8 in Online Resource 2 of the ESM), the associated covariate was not statistically significant (*p* value 0.445), and was therefore not used in the base-case setting of this analysis. Whilst studies show that patients who experience acute exacerbation events undergo a decrease in quality of life and a considerable increase in healthcare resource use \[[@CR3], [@CR38]\], further research and long-term data on acute exacerbation events would be required to assess their impact on efficacy outcomes such as mortality and disease progression.

Despite the above limitations, to our knowledge, this analysis is the first to use long-term survival data for IPF patients treated with nintedanib. As patients and clinicians become more familiar with these treatments, their effects and their side effects, future studies could compare the long-term outcomes of the cost-effectiveness models with real-world data.

Conclusion {#Sec11}
==========

After performing a synthesis of the most recently published evidence for IPF patients, we found that nintedanib and pirfenidone have similar health-related quality of life benefits, confirming the findings of previous analyses. Assuming a Belgian healthcare payer perspective, we found nintedanib treatment to be cost-saving compared to pirfenidone treatment. The results in our analysis were dependent on the price difference between the two agents and on assumptions regarding the risk of acute exacerbations.
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